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(57)Abstract: 

PURPOSE: To reduce the size of a series-type voltage compensator in 
which (n) inverters are connected to secondary windings of respective 
system linkage transformers and primary windings of the respective 
transformers are connected in series to each other in the system by a 
method wherein the tertiary windings of the respective system linkage 
transformers are connected in series to or in parallel with each other so 
that a current can reflux with one switch. 

CONSTITUTION: Voltage-type inverters 10, 11 and 12 are connected to 
secondary windings of three-winding transformers 13, 14 and 15 
respectively. Primary windings of the transformers 13, 14 and 15 are 
connected in series to each other in a system and a load 4 is connected 
to the primary windings. The tertiary windings of the three-winding 
transformers 13, 14 and 15 are connected in series to each other while 
their polarities are arranged to the same direction and a switch 16 is 
connected to the tertiary windings to form a reflux path. With this 
constitution, when an inverter failure occurs or when transfer to a 
stoppage mode is required, only by turning on the switch 16, the inverters 
10, 11 and 12 can be stopped and repaired while a load current IL1 is 
applied. Further, even if the number of multiplicity increases, only one 
switch 16 is necessary, so that a protecting circuit can be simplified. 
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1. A protection device for a series-type voltage compensation apparatus in which a 
number n of voltage-type inverters are each connected to the secondary side of a 
separate system linkage transformer, wherein the primary side of each of the 
transformers is connected in series with a system, the protection device comprising a 
tertiary winding transformer employed for each of the transformers, wherein a tertiary 
winding of each of the transformers is connected in series with a switch. 

2. A protection device for a series-type voltage compensation apparatus in which a 
number n of voltage-type inverters are each connected to the secondary side of a 
separate system linkage transformer, wherein the primary side of each of the 
transformers is connected in series with a system, the protection device comprising a 
tertiary winding transformer employed for each of the transformers, wherein a tertiary 
winding of each of the transformers is connected in parallel with one another, and 
wherein a switch is connected at a location where current circulates through each of 
the tertiary windings. 

[0001] 

[Field of Industrial Application] The present invention relates to a protection circuit 
for a series-type voltage compensation apparatus comprising a plurality of single-unit 
voltage compensation apparatuses connected in series with a linkage system. 
[0002] (related art) Fig. 3 shows a structure of a single unit of which a series-type 
voltage compensator is composed. As shown in the figure, the output side of a 
voltage-type inverter 1 is connected to the secondary side of a system linkage 
transformer 2, and the primary side of the transformer 2 is connected in series to a 
linkage system 6 of a power supply 3. A switch 5 for short-circuiting the secondary 
side of the transformer is placed as a reflux path for a transformer secondary current 
Il2 that corresponds to a load current I L i in cases in which the voltage-type inverter 1 
becomes high in impedance. In this case, a switch 5' for short-circuiting the primary 
side of the transformer may be placed on the primary side of the transformer 2 as a 
reflux path for Ili- By connecting n pieces (n^l) of such single-unit voltage 
compensators to the linkage system in series, a multiplex series-type voltage 
compensator can be made. Such case requires either the short-circuiting switch 5 on 
the secondary side of the transformer of each single-unit voltage compensator or the 
switch 5' on the primary side of the transformer for collectively short-circuiting this 
multiplex series-type voltage compensator. 
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[0003] (Problems to be solved by the invention) In cases in which any one of the n 
pieces of single-unit voltage compensators becomes defective, the compensator needs 
to be shut down. However, if the compensator side is made in a state of high 
impedance, high impedance is inserted in series to the reflux loop of the load current 
Iti, which is not preferable. Thus, all the switches 5 are tuned on so as to decrease 
the impedance of the transformers seen from the system side, and the compensator is 
shut down, thereby protecting the compensator. If the number of the units 
multiplexed becomes great, the number of the switches is also increased, thereby 
increasing the size of the compensators as a whole. Further, when any of the above 
short-circuiting switches 5 becomes unable to be turned on, high impedance is caused 
during a stoppage mode. Such case indicates that the greater the number of 
short-circuiting switches, the higher the probability of switch failure, thereby reducing 
reliability. 

[0004] Further, in cases in which the switch 5' for collective short-circuiting is placed, 
when the voltage on the system side is low, it is effective that high-speed operation can 
be achieved with the use of a semiconductor switch. However, in cases in which the 
system involves a voltage as high as 20 to 30 kV or greater, since the above 
semiconductor switch cannot be used, a breaker or the like needs to be used, whereby 
operation speed is decreased and the size of the compensator is increased due to a large 
size of the breaker itself. 

[0005] (Means of solving the problems) In order to solve the above problems, the 
present invention provides a series-type voltage compensator comprising n single-unit 
voltage compensators, wherein a tertiary winding transformer is used as each system 
linkage transformer. The series-type voltage compensator adopts a structure in which 
individual tertiary windings and a switch are connected in series. Alternatively, 
individual tertiary windings are connected in parallel, and they are connected to one 
switch at a location where a closed circuit is formed by the tertiary windings. 
[0006] (Embodiment) Fig. 1 shows an embodiment of the present invention. As 
shown in the figure, in the present embodiment, while three single-unit voltage 
compensators, each having the same capacitance, are used, the number of the 
compensators is arbitrary (n). Voltage-type inverters 10, 11, and 12 are connected to 
the secondary windings of tertiary winding transformers 13, 14, and 15, respectively. 
Primary windings of the tertiary winding transformers 13, 14, and 15 are connected in 
series to each other in the system to which a load 4 is connected. The tertiary 
windings of the tertiary winding transformers 13, 14, and 15 are connected in series to 
each other while their polarities are arranged to be in the same direction, and a switch 
16 is connected to the tertiary windings to form a reflux path. The series-type voltage 
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compensator of the present embodiment utilizes n tertiary winding transformers, so as 
to place n voltage-type inverters multiplexed in series between the system and the load, 
and a load voltage is formed by controlling an inverter generated voltage. When an 
inverter failure occurs or when transfer to a stoppage mode is required, only by turning 
on the switch 16 connected in series, even when a load current I L i is flowing through 
the individual transformers 13, 14, and 15, it is possible to open the secondary winding 
side connected to the inverters 10, 11, and 12; that is, to shut down the inverters by 
maintaining a tertiary winding current I L 3 that corresponds to the current I L i flowing 
through the primary side (system side) to continuously flow through the individual 
tertiary windings. Thus, the inverters can be fixed or maintained in good condition, 
and even when the number of compensators multiplexed is increased, only one switch 
is required, thereby simplifying the protection circuit. 

[0007] Fig. 2 shows another embodiment. Portions identical to those in Fig. 1 are 
denoted by the identical reference characters. In Fig. 2, what is different from the 
embodiment of Fig. 1 is that the tertiary windings of the individual transformers 13, 14, 
and 1 5 are connected in parallel while their polarities are arranged to be in the same 
direction, and the tertiary windings are connected to one switch 16 at a location 
(common current path) where a closed circuit is formed by the tertiary windings, so 
that tertiary winding currents Il31, Il32, and Il33 flow, which correspond to the current 
Ili flowing throxrgh the primary side, when the switch 16 is turned on. When the 
switch 1 6 is turned on upon occurrence of an inverter failure or transfer to a stoppage 
mode on the inverter side, the relationship lL3i=lL32=lL33=lL3n =: TL3 is satisfied. Thus, a 
current n • I L 3 flows through the switch 16. In this mode, I L3 is determined to be 
Il3=1/Ni • Ili based on the load current (transformer primary side current) and the ratio 
of the turns of the primary winding to the turns of the tertiary winding of the 
transformer; that is, primary : tertiary=l: Ni. The current rating of the switch 16 is 
such that withstands I sw^n/ Ni • Iu(maximum). Meanwhile, when the inverter is 
operated, the switch is turned off. In this case, a voltage V L 3 applied to the switch 16 
becomes Vl3 -N2 • Vinv based on an inverter generated voltage Vinv and the ratio of 
the turns of the secondary winding to the turns of the tertiary winding of the 
transformer; that is, secondary : tertiary=l: N 2 . The voltage rating of the switch 16 is 
such that withstands V S w=n/ N 2 * Vi NV (maximum). 
[0008] 

[Effects of the Invention] As described above, in accordance with the present invention, 
system linkage transformers that are connected to individual voltage-type inverters 
multiplexed and that supply a system-voltage-compensation voltage to a linkage 
system are provided with tertiary windings. The tertiary windings of the individual 
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transformers are connected in series or parallel with one another, and one switch is 
connected to the tertiary windings. When the inverters become defective or when it is 
in a stoppage mode in a state in which a current is being applied to a load, by turning 
on the switch, a circulating current can be generated through the tertiary windings. 
Thus, the secondary winding sides connected to the inverters can be made open; that is, 
the inverters can be stopped. Based on the structure of the present invention, by 
simply using system linkage transformers comprising tertiary windings in place of 
conventional system linkage transformers, the inverters can be removed with one 
switch alone during failure or in a stoppage mode, and thus, the structure of the 
apparatus can be made compact. 
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